SUMMARY The incidence of putatively toxic serum concentrations and the factors influencing their occurrence were investigated in a study of 91 neonates receiving parenteral gentamicin twice daily at a dose of mean (SD) 5 5 (O 1) mg/kg/day. Most neonates were preterm and of low birthweight.
Gentamicin is a valuable broad spectrum antibiotic and is extensively used for the treatment of serious sepsis in the newborn. It is ototoxic and nephrotoxic in the adult,1-3 and although toxicity in the neonate is not well documented, it would be reasonable to expect similar or more pronounced effects to those seen in adults. To avoid toxic effects it has been suggested that trough serum gentamicin concentrations should be below 2 mg/l and that peak values should not exceed 12 mg/1.4 5 Peak serum values less than 4 mg/l are considered subtherapeutic. 6 Using these criteria, the incidence of putatively toxic and of subtherapeutic serum concentrations of gentamicin were determined in a study of the records of 64 neonates: a further 27 neonates were examined prospectively. Data Multiple regression analysis showed that postnatal age was the most important factor controlling 
Incidence ofpotentially toxic concentrations ofgentamicin in the neonate 899 the trough and steady state serum concentration, AUC, and clearance of gentamicin (Table 3 ). In the first week of life clearance was slower than thereafter (P<0.05). Gestational age was not so important, although in preterm babies during the first week of life serum values were higher and clearance slower than in term babies (P <0-01; Table 4 ). These differences between term and preterm babies were not observed after the first week of life. In the 27 babies examined prospectively, gentamicin peak and trough values increased and clearance decreased with increasing serum urea and creatinine concentrations (P = 0.001). None of the following factors had any effect on the pharmacokinetic variables of gentamicin: sex, being more or less than the 10th centile (for birthweight, head circumference, or length), the presence or absence of respiratory distress syndrome, or the concurrent administration of penicillin or theophylline.
Discussion
The high proportion of potentially toxic trough serum values observed in this study is disturbing. The population most likely to develop toxic trough serum values are premature babies less than 1 week old. Gentamicin accumulation in these babies may be predicted by increasing serum creatinine or urea concentrations (even if these are within the normal range for neonates). Since babies with trough values more than 2 mg/l did not have raised peak values, dosage reduction may result in subtherapeutic peak values. To prevent accumulation, the dosage interval may be increased to 18 hours in premature babies during the first week of life while maintaining the same daily dose. Other factors that may have influenced the development of toxic values of gentamicin had no effect in our population. We did not confirm the report'0 that the excretion of aminoglycoside is prolonged in babies with respiratory distress syndrome. Similarly, although penicillin reduces the excretion of chloramphenicol in the newborn,9 11 it did not affect gentamicin values in the present study. The suggestion that appropriate for gestational age babies have higher peak and trough serum concentrations than small for gestational age babies6 was also not confirmed in our study.
The ototoxicity and nephrotoxicity of gentamicin, reported no sensorineural hearing loss or vestibular dysfunction attributable to gentamicin treatment (5-6 mg/kg/day) in 116 infants studied up to the age of four years. Nephrotoxic effects have been observed in 7 of 50 infants receiving 5 mg/kg/day of gentamicin or tobramycin ;17 trough concentrations more than 2 mg/l were observed in 5 of 7 of these infants. These authors could not, however, determine the extent to which renal function was affected by other drugs and underlying disease. Although many authors512 believe trough concentrations are most important in predicting toxicity, others suggest that peak values, or both peak and trough values are most useful.1819 Steady state serum concentration or bioavailability (AUC) of gentamicin may be more closely related to the toxic effects of this drug. The volume of distribution of gentamicin is increased in the newborn9 20 and it is possible that intracellular penetration with subsequent slow release may occur in young neonates. How this may influence the toxicity of gentamicin in the neonate is unknown. The hearing and vestibular function of the babies in the present study are currently under examination and the association between any toxicity observed and the serum values and bioavailability of gentamicin will be determined. The authors draw attention to the incidence of potentially toxic gentamicin concentrations in the newborn. They point out that toxicity in the neonate is not well documented and it is important to stress this. The publication of this report, and others like it, is apt to substantiate and give further credence to the belief that aminoglycoside oto-and renal toxicity are likely and clearly established adverse effects in newborn practice. This is not the case and there is little evidence to suggest that the use of trough values below 2 mg/l and peak values below 12 mg/l are appropriate guidelines in newborns, infants, or children. Indeed, the manipulation of dosing to produce concentrations conforming with these values may so necessitate extension of the dose interval that efficacy is compromised. For the present, the major indication for monitoring values is to determine whether values clearly above the minimal inhibitory concentration of the likely causative organism are reached.
The results of a large North American study on adverse effects in newborns is expected shortly. Until this time and the time when further appropriate and definitive data are available, it seems reasonable to monitor aminoglycoside values as in this paper, particularly to show expected efficacious concentrations. A cautionary approach to the interpretation of values commonly considered to be toxic is, however, suggested. 
